Atty. Dkt. No. 60,680-491 
Dana Ref . No. 5389 SHAB 
Express Mail No . EF112683432US 


MODULAR CAST INDEPENDENT FRONT SUSPENSION SUBFRAME 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] This invention relates to vehicle suspensions and, in 
particular, to a subframe for use in an independent front suspension 
system. 

2 . Disclosure of Related Art 

[0002] It is conventional in motor vehicles having independent 

front suspensions to incorporate a subframe to increase the strength 
of the axle on which the suspension is employed. Conventional 
subframes used in heavy truck applications, however, have suffered 
from several drawbacks. First, most conventional subframes include 
numerous members that are coupled together using bolts, welds, or 
other fastening means. The assembly of these members into a single 
subframe makes dimensional control of mounting points for suspension 
and steering components relatively difficult thereby increasing wear 
on the suspension components and joints among other drawbacks. The 
assembly also increases the time and cost required to produce the 
subframe. Second, conventional subframes have generally been unable 
to accommodate suspension control elements and steering components 
to allow the building of a single suspension and steering 
subassembly. Third, conventional subframes are relatively heavy and 
consume a relatively large amount of space. 

[0003] There is thus a need for a subframe for motor vehicles 
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that will minimize or eliminate one or more of the above-mentioned 
deficiencies . 

SUMMARY OF THE INVENTION 
5 [0004] The present invention provides a subframe for a motor 

vehicle and, in particular, for heavy trucks. 

[0005] A subframe in accordance with the present invention 
includes first and second side members. These side members may 
extend substantially in the direction of vehicle travel. The 
10 subframe also includes first and second cross members. The cross 
members may extend substantially perpendicular to the direction of 
vehicle travel. The first and second cross members are integral 
with the first and second side members such that the subframe is a 
unitary member. The first and second side members and the first and 

-15 second cross members are further configured to receive first and 

second lower suspension control arms and first and second upper 
suspension control arms. The subframe may also be configured to 
receive and support a portion of the steering linkage for the 

ra vehicle. The subframe may further be configured to receive one or 

20 more strut rods to provide fore/aft support to the subframe . 

Finally, the subframe may include a engine mount cross member 
integral with the first and second side members and first and second 
cross members . 

[0006] A subframe in accordance with the present invention has 
25 several advantages as compared to conventional subframes used in 
heavy truck applications. First, because the members of the 
subframe are integral with one another, there are no bolts, welds, 
or other fasteners required. As a result, assembly time and cost is 
reduced. More importantly, better dimensional control of suspension 
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and steering mounting points is ensured. Second, the subframe 
allows relatively easy manufacture and production of a subassembly 
including many of the conventional suspension and steering 
components. Third, the subframe is relatively light as compared to 
5 conventional subframes and requires less space. 

[0007] These and other features and objects of this invention 
will become apparent to one skilled in the art from the following 
detailed description and the accompanying drawings illustrating 
features of this invention by way of example. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] Figure 1 is a perspective view of a vehicle frame having a 
suspension and steering subassembly with a subframe in accordance 
with the present invention. 

15 

[0009] Figure 2 is an exploded perspective view of the vehicle 
frame and suspension and steering subassembly of Figure 1. 

[00101 Figure 3 is a perspective view of a subframe in accordance 

20 with the present invention supporting a steering linkage. 

[0011] Figure 4 is a top plan view of the subframe of Figure 3 
supporting a steering linkage. 

25 [0012] Figures 5 and 6 are perspective views of a first 

embodiment of a subframe in accordance with the present invention. 

[0013] Figure 7 is a front plan view of the subframe of Figures 3 

and 4 reconfigured to support a steering gear. 
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[0014] Figure 8 is a perspective view of a second embodiment of a 
subframe in accordance with the present invention. 

[00151 Figure 9 is a perspective view of a third embodiment of a 
subframe in accordance with the present invention mounted to a 
vehicle frame. 


DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0016] Referring now to the drawings wherein like reference 
numerals are used to identify identical components in the various 
views. Figures 1-2 illustrate a vehicle frame 20 to which is coupled 
a suspension and steering subassembly 22 in accordance with the 
present invention. The illustrated frame 2 0 and subassen^ly 22 are 
configured for use in heavy truck applications. It should be 
understood, however, that the present invention may find application 
in other types of vehicles. 

[0017] Frame 20 is provided to support an engine (not shown) , cab 
(not shown) and other components of a heavy truck. Frame 2 0 is 
conventional in the art and may be made from conventional metals and 
metal alloys such as steel. Frame 20 includes a pair of 
longitudinal rails 24, 26 extending parallel to an axis 28 that 
extends in the direction of vehicle travel and in the longitudinal 
direction of the truck. Frame 20 also includes a pair of 
reinforcement members 30, 32 and a cross-member 34. Frame may also 
include a plurality of mounting brackets including brackets 38, 40, 
42 . 

[0018] Rails 24, 26 are provided to secure and align a cab on 

frame 20 and are conventional in the art. Rails 24, 26 are 
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generally C-shaped in cross-section and open toward one another. 
Rails 24, 2 6 may include a plurality of apertures configured to 
received bolts, screws, or other fasteners to secure mounting 
brackets 38, 40, 42 to rails 24, 26. 
5 [0019] Reinforcement members 30, 32 provide additional torsional 

stiffness to frame 20 and are conventional in the art. Merrbers 30, 
32 support, and are disposed below, rails 24, 26 respectively. 
Members 30, 3 2 are tubular in construction and are rectangular in 
cross-section in the illustrated embodiment. Members 30, 32 may be 
10 coupled to rails 24, 26 using bolts, screws, welds, or other 
fastening means . 

[0020] Cross-member 34 is provided to support the vehicle engine 
(not shown) and is also conventional in the art. Member 34 may be 
cast from aluminum. MenUDer 34 is fastened to reinforcement members 
15 3 0, 3 2 using bolts, screws, welds, or other fastening means and 

extend in a direction that is generally transverse to axis 28 and 
the direction of vehicle travel. 

[0021] Brackets 38, 40, 42 are provided to mount various 
components of the vehicle to frame 20 and are conventional in the 
"20 art. Bracket 38 provides a mounting point for the vehicle engine. 

Brackets 40, 42 provide mounting points for elements of subassembly 
22. It will be understood by those in the art that the number, 
shape, and configuration of brackets 38, 40, 42 may vary depending 
upon the design requirements of subassembly 22 and other components 
25 of the vehicle. 

[0022] Suspension and steering subassembly 22 provides an 
independent front suspension and steering system for the vehicle. 
Subassembly 22 may include upper suspension control arms 44, 46, 
lower suspension control arms 48, 50, shock/ spring units 52, 54, 
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strut rods 56, 58, a steering linkage 60, and a subframe 62 in 
accordance with, the present invention. 

[0023] Upper and lower suspension control arms 44, 46, 48, 50 
provide a means for mounting steering knuckles (not shown) on either 
5 side of the vehicle and adjustment of the vehicle wheels (not 

shown) . Arms 48, 50 also provide mounting points for shock/spring 
units 52, 54. Arms 44, 46, 48, 50 are conventional in the art and 
may be made from a variety of conventional metals and metal alloys. 
In the illustrated embodiment, each of upper control arms 44, 46 

10 includes a bushing 64 from which a generally semi-circular flange 66 
extends. Bushing 64 is received by subframe 62 as described in 
greater detail hereinbelow. Flange 66 includes an aperture 68 
configured to allow one of shock/spring units 52, 54 to extend 
therethrough and another aperture 70 through which flange 66 may be 
M5 coupled to a steering knuckle (not shown) . Each of lower suspension 
control arms 48, 50 is generally A-shaped including a pair of legs 
72 J 74 and a cross-member 76. A bushing 78 is disposed at the 
inboard end of each leg 72, 74 and is received by subframe 62 as 
described hereinbelow. Legs 72, 74 define a mounting member 80 at 

20 the outboard intersection of legs 72, 74 for mounting one of 

shock/spring units 52, 54 and a steering knuckle (not shown) . It 
should be understood by those of skill in the art that the size, 
shape, and configuration of arms 44, 46, 48, 50 may vary depending 
upon design requirements associated with vehicle and its components 

25 without departing from the spirit of the present invention. 

[0024] Shock/spring units 52, 54 are provided to cushion the ride 
of vehicle. Units 52, 54 are conventional in the art any may 
include a shock 82 and an air spring 84. Shock 82 is supported at 
one end by mounting member 80 of lower suspension control arm 50. 
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The other end of shock 82 extends into a bladder of air spring 84 . 
Air spring 84 is disposed against mounting bracket 42 of frame 20. 
[0025] Strut rods 56, 58 act to stabilize subframe 62 under brake 
loads by providing additional fore/aft support to subframe 62 and 
5 also minimizing stress due to helical loading from frame 20. Rods 
56, 58 are conventional in the art. Rods 56, 58 are pivotally 
mounted to frame 2 0 at one end and to subframe 52 at the other end 
using bushings 86, rubber isolators or other ball style joints 
designed to allow pivotal motion, but limited radial travel. 

10 [0026] Steering linkage 60 provides directional control of the 

vehicle wheels (not shown) responsive to driver control of the 
steering wheel (not shown) by transferring motion of the steering 
gear output shaft (not shown) to the vehicle wheels. Linkage 60 is 
conventional in the art. Referring to Figures 3 and 4, linkage 60 

15 may include outer tie rods 88, 90, an idler arm 92, a cross link 94, 
and a bell crank 96. Tie rods 88, 90 are connected to the steering 
knuckles (not shown) at their outboard ends and to idler arm 92 and 
bell crank 96, respectively, at their inboard ends. Cross link 94 
couples idler arm 92 and bell crank 96. Bell crank 96 is in turn 

20 coupled to a steering gear output shaft (not shown) by a drag link 
(not shown) . Crank 96 rotates responsive to rotation of the 
steering gear output shaft and causes corresponding movement in link 
94, arm 92, and tie rods 88, 90 to turn the vehicle wheels (not 
shown) . 

25 [0027] Referring now to Figures 5-6, a subframe 62 in accordance 

with one embodiment of the present invention will be described. 
Subframe 62 is provided to increase the transverse strength of the 
axle on which subassembly 22 is employed and may be cast from 
aluminum. Subframe 62 is unitary in construction and includes a 
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pair of side members 98, 100 and a pair of cross members 102, 104. 
[00281 Side members 98, 100 extend generally parallel to axis 28 
when subframe 62 is mounted to frame 20. Each of members 98, 100 
includes a pair of mounting flanges 106, 10 8 and 110, 112, 
5 respectively, extending therefrom in a direction generally 

perpendicular to axis 28. Flanges 106, 108 and 110, 112 are 
configured to receive corresponding upper control arms 44, 46 (and 
particularly bushings 64 of arms 44, 46) therebetween and include 
apertures 114 configured to receive bolts, screws, or other 

10 fasteners to pivotally couple upper suspension control arms 44, 46 
to subframe 62. Members 98, 100 may also include mounting flanges 
114, 116 and 118, 120, respectively, extending therefrom in a 
direction generally parallel to axis 28, Referring to Figure 1, 
flanges 114, 116 and 118, 12 0 are configured to receive bolts, 

15 screws, or other fasteners to couple subframe 62 to mounting 

brackets 40, 42 of frame 20. 

[002 9] Cross members 102, 104 extend generally perpendicular to 
axis 28 when subframe 62 is mounted to frame 20. Each of cross 
members 102, 104 is integral with each of side members 98, 100. In 

20 the illustrated embodiment, each cross member 102, 104 includes a 

central portion, 122, 124, respectively, and two end portions, 126, 
128 and 13 0, 132, respectively, that extend upwardly at an angle 
from portions 122, 124 to connect cross members 102, 104 to side 
members 98, 100. Each of end portions 126, 128, 130, 132 define 

25 means for mounting lower suspension control arms 48, 5 0 to subframe 
62. In the illustrated embodiment, the mounting means comprise C- 
shaped mounting members 134, 13 6, 13 8, 140 extending outwardly from 
portions 126, 128, 130, 132 of members 102, 104 in a direction 
generally parallel to axis 28. Members 134, 136, 138, 140 are sized 
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to receive bushings 78 of arms 48, 50 and include apertures 142 
configured to receive bolts, screws, or other fasteners used to 
couple bushings 78 to members 134, 136, 138, 140. Members 138, 140 
may themselves also include means for mounting strut rods 56, 58 
5 (best shown in Figure 1) to subframe 62. In particular, each of 

members 138, 140 may include a pair of mounting flanges 144, 146 and 
148, 150, respectively, extending from members 138, 140 in a 
direction generally parallel to axis 28. Flanges 144, 146 and 148, 
150 are configured to receive bushings 86 of rods 56, 58 
10 therebetween and include apertures configured to receive bolts, 

screws, or other fasteners used to pivotally couple strut rods 56, 
58 to subframe 62 . 

[0030] Side members 98, 100 and cross member 102 may be further 
configured to receive steering linkage 60. In particular, members 

15 98, 100, 102 may define pairs of spaced mounting plates 152, 154, 

156, 158 configured to receive portions of steering linkage 60. 
Referring to Figures 3 and 4, plates 152, 154 may be configured to 
receive idler arm 92 while plates 156, 158 may be configured to 
receive bell crank 96. Plates 152, 154, 156, 158 include apertures 

20 160 configured to receive a shaft or pin (not shown) on which arm 92 

and crank 96, respectively, may be pivotally mounted. 
[0031] Referring to Figure 7, in a further enhancement of the 
present invention, subframe 62 may be configured to receive a 
steering gear 162 and the steering linkage 60 may be modified by 

25 replacing bell crank 96 with a pitman arm 164. The incorporation of 
steering gear 162 is advantageous because it eliminates the need for 
bell crank 96 and a separate drag link connecting crank 96 to the 
steering gear. The pitman arm 164 connects linkage 60 to the 
steering column through steering gear 162 and moves linkage 60 left 
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or right . 

[0032] A subframe 62 in accordance with the present invention 
represents a significant improvement as compared to conventional 
subframes used in heavy truck applications. Because the side 
5 members 98, 100, cross members 102, 104, and mounting features on 
subframe 62 are all integral with one another, there are no bolts, 
welds, or other fasteners required to build subframe 62. As a 
result, assembly time and cost is reduced. More importantly, 
however, better dimensional control of suspension and steering 

10 mounting points is ensured as tolerance stackups are limited. The 
subframe 62 also allows relatively easy manufacture and production 
of a subassembly 22 including many of the conventional suspension 
and steering components. Further, the subframe 62 is relatively 
light as compared to conventional subframes, requires less space, 

15 and allows the vehicle engine to be mounted lower to the ground, 

thereby increasing cab space. 

[0033] It should be understood by those of skill in the art that 
the size, shape, and configuration of a subframe in accordance with 
the present invention may vary depending upon the design 

20 requirements associated with the frame, suspension, steering, and 
other components of the vehicle on which the subframe is to be 
mounted. As such, the embodiment illustrated in Figures 5-6 and 
described hereinabove is not meant to limit the scope of the claimed 
invention. Rather, a subframe in accordance with the present 

25 invention may assume a variety of forms-one example of which is 

illustrated in Figure 8. 

[0034] Referring now to Figure 8, a second embodiment of a 
subframe 166 in accordance with the present invention will be 
described. Like subframe 62, subframe 166 includes a pair of side 
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members 168, 170 and a pair of cross members 172, 174. 
[0035] Side members 168, 170 extend generally parallel to axis 28 
when subframe 166 is mounted to frame 20 and are located inboard of 
the outboard ends of cross members 172, 174. Each of members 168, 

5 170 includes a pair of intersecting support arms 176, 178 and 180, 

182, respectively, extending therefrom in a generally outboard 
direction. Arms 176, 178 and 180, 182, respectively, include 
axially extending apertures 184 at the point of intersection 
configured to receive a screw, bolt, or other fastener to couple 

10 upper suspension control arms (not shown) thereto and allow pivoting 
motion of upper suspension control arms. Each of members 168, 170 
also includes a pair of mounting flanges 186, 188 and 190, 192, 
respectively, extending therefrom in a direction generally 
perpendicular to axis. Flanges 186, 188 and 190, 192, together with 

15 the outboard ends of cross members 172, 174, are configured to 

receive corresponding lower suspension control arms (and 
particularly bushings of the arm arms-not shown) therebetween and 
include apertures 194 configured to receive bolts, screws, or other 
fasteners to couple the lower suspension control arms to subframe 

20 166. 

[0036] Cross members 172, 174 extend generally perpendicular to 
axis 28 when subframe 166 is mounted to frame 20. Each of cross 
members 172, 174 is integral with each of side members 168, 170. In 
the illustrated embodiment, each cross member 172, 174 includes a 
25 central portion 196, 198, respectively, and two end portions 200, 
202 and 204, 206, respectively, that extend upwardly at an angle 
from portions 196, 198. End portions 200, 202 may define mounting 
flanges 208, 210, respectively, extending therefrom in a direction 
generally perpendicular to axis 28. Flanges 208, 210 are configured 
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to receive bolts, screws, or other fasteners to couple subframe 166 
to mounting brackets 40, 42 of frame 2 0 (not shown) . It should be 
understood that end portions 204, 206 may define similar mounting 
flanges (not shown) . 
5 [0037] Although not illustrated in the present embodiment, it 

should be understood that member 174 may also define means for 
mounting strut rods 56, 58 to subframe 166 in a manner similar to 
members 104 of subframe 62 (see Figure 3 and 4) . Also, side members 
168, 170 and another of cross member 172 may be further configured 
10 to receive steering linkage 60. In particular, members 168, 170, 

172 may define pairs of mounting plates configured to receive 
portions of steering linkage 60 in a manner similar to subframe 62. 
[0038] Referring now to Figure 9, a third embodiment of a 
subframe 212 in accordance with the present invention will be 
ni5 described. Subframe 212 is substantially similar to subframe 62. 

Subframe 212, however, includes a cross member 214 that is integral 
with the other components of subframe 212. As illustrated in Figure 
9, member 214 is provided to support the vehicle engine and may take 
the place of cross member 34 of frame 20 shown in Figures 1-2. 
20 Member 214 extends generally transverse to axis 28. It should be 

understood that the size, shape, and configuration of member 214 may 
vary depending upon design requirements associated with the vehicle 
engine and frame 20. 

[0039] While the invention has been particularly shown and 
25 described with reference to the preferred embodiments thereof, it is 

well understood by those skilled in the art that various changes and 
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modifications can be made in the invention without departing from 
the spirit and scope of the invention. 
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